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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a vehicular 
heat generator having a rotor and a viscous fluid con- 
tained in a heating chamber defined in a housing to gen- 
erate heat by subjecting the viscous fluid to shearing by 
rotating the rotor, and to a viscous fluid for the same, 
according to the preambles of independant claims 1 , 4, 
and 8. 

BACKGROUND ART 

[0002] Such a vehicular heat generator is known from 
Japanese Unexamined Patent Publication No. HEI 
2-246823 (corresponding to USP No. 4,993,377), which 
discloses a vehicular heating system and a heat gener- 
ator incorporated in the system. In the heat generator, 
shear force is applied by a labyrinth-shaped rotor to a 
viscous fluid sealed in a heating chamber defined in the 
heat generator to convert rotational energy of the rotor 
to thermal energy and generate heat as a result. The 
patent publication describes use of a silicone oil as an 
example of the viscous fluid. The Japanese Unexam- 
ined Patent Publication No. HEI 2-246823 recites: "The 
heat generating capacity of the heat generator can be 
preset as desired depending on the viscosity coefficient 
of the viscous fluid sealed in the heating chamber. In 
other words, the higher the viscosity coefficient of a vis- 
cous fluid, the greater the shear force occurring at 
grooves of the labyrinth and thus the higher the heat 
generating capacity is. ... On the other hand, the lower 
the viscosity coefficient of a viscous fluid is, the smaller 
the shear force occurring at the grooves of the labyrinth 
and thus the lower the heat generating capacity be- 
comes." 

[0003] The Japanese Unexamined Patent Publication 
No. HEI 2-246823 merely describes, referring to prop- 
erties of the viscous fluid, the very basic concept that it 
is preferred to select a viscous fluid having a specific 
viscosity so as to set a desired shear heat generating 
capacity of the heat generator. 

[0004] Furthermore, FR-A-2 598 492 discloses a ma- 
chine which can be used as a simple brake in a vehicle 
which is to be slowed down, but also as a heat generator, 
if it is agitated by a source of renewable energy which 
is supplied by wind power engines or windmill wheels, 
and also as a sliding coupler for transmitting a given 
torque at a variable speed. This is the same in all three 
cases. The machine of FR-A-2 598 492 basically com- 
prises three parts: the torque is transmitted to a cylin- 
drical pin. A thin sheet surrounds this pin on a semi-cir- 
cle, as a default. A viscous oil is inserted between the 
sheet and the pin and the sheet is maintained in an im- 
mobile position by its two ends. Thus, a thin oil film is 
formed between the sheet and the pin which is agitated 
towards the shearing force by the movement of the pin. 



This shearing force is opposed by the forces of viscosity 
which transform the energy received into heat. The heat 
is, thus, generated in the thickness itself of the viscous 
film and evacuated by the inside of the pin or by the out- 

s side of the sheet. This is exclusively a liquid friction 
whose only effect is to alter the molecular structure of 
the liquid. The machine produces no solid friction be- 
tween the sheet and the pin, the two being always sep- 
arated by the liquid film. There are many known bodies 

10 having a high chemical stability and high coefficients of 
viscosity such as silicone oil, glycerin, bitumes which are 
suitable for carrying out the corresponding function. It is 
self-evident that the coefficient of viscosity of the liquid 
has to be the higher the smaller the speed of rotation is, 

15 and that the procedural expediency suggests using very 
viscous fluids. 

[0005] However, the present inventors found that a 
viscous fluid, employable in a vehicular heat generator 
designed to generate heat by shearing viscous fluid with 

20 a rotor, has a certain optimum range in its rheological 
properties. According to the finding of the present inven- 
tors, if a highly viscous fluid (typically a highly viscous 
silicone oil) is merely employed for the purpose of in- 
creasing heat generating capacity, the viscous fluid de- 

25 teriorates soon due to the high heat thus generated and 
is thus unable to continue heat generation by mechan- 
ical shearing. Accordingly, it is not realistic to select the 
viscosity of a viscous fluid simply in view of improving 
the heat generating capacity. 

30 [0006] Further, while vehicular heat generators are in 
many cases driven by power from vehicle engines, the 
engines involve a drawback in that they are operated in 
wide speed ranges, respectively, so that it is impossible 
to expect a constant power supply from each engine at 

35 a stable rotating speed. Accordingly, the rotating speed 
of the rotor is increased dramatically by the engine, 
when the engine speed is increased. However, the vis- 
cous fluid, having desired properties (particularly vis- 
cosity), is selected to obtain optimum and stable heat at 

40 a normal revolution speed. Therefore, over-shearing 
and over-heating may result. Overheating eventually 
deprives the viscous fluid of the desired properties, as 
described above. 

[0007] It is an objective of the present invention to pro- 
45 vide a viscous fluid that is employable in a vehicular heat 
generator based on studies and findings on the desired 
properties of viscous fluids for heat generators. 
[0008] It is another objective of the present invention 
to clarify the relationship between the heating value gen - 
50 e rated by a heat generator or the time until the heating 
value is equilibrated and specific nominal viscosity val- 
ues and to provide a vehicular heat generator employing 
a viscous fluid having a desired nominal viscosity. 



[0009] The objects are solved by a viscous fluid de- 
fined in claim 1 , a vehicular heat generator defined in 
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claims 4 and 8. 

[0010] The viscous fluid according to the present in- 
vention, which is contained in a vehicular heat generator 
provided with a rotor and which generates heat under 
mechanical shearing of the rotor, is characterized in that 
the viscous fluid is a non-Newtonian fluid having appar- 
ent viscosity characteristics with respect to shear rate 
such that the apparent viscosity tends to decrease as 
the shear rate increases. If such non-Newtonian fluid is 
employed as the viscous fluid, it can maintain its shear 
heat generating function over a long period, even under 
a circumstance where it is exposed to over-shearing due 
to over-rotation of the rotor. Further, low-temperature 
starting of the rotor is facilitated. 
[001 1] The viscous fluid preferably has a nominal vis- 
cosity in the range of 10,000 cSt to 200,000 cSt (1 cen- 
tistokes (cSt) === 1mm 2 /s), more preferably, in the range 
of 10,000 cSt to 100,000 cSt, most preferably, depend- 
ing on the type of heat generator, in the range of 15,000 
cSt to 100,000 cSt or in the range of 30,000 cSt to 
100,000 cSt. Generally, if a viscous fluid having a nom- 
inal viscosity in the range of 10,000 cSt to 200,000 cSt 
is employed in a vehicular heat generator, the heat gen- 
erator will have an acceptable heating value and loading 
torque in practical uses. 

[0012] The viscous fluid is preferably a fluid contain- 
ing a silicone oil as a major component. More preferably, 
the silicone oil is dimethyt-polysiloxane. The reason why 
use of such a specific viscous fluid is preferred in the 
vehicular heat generator is as described below. 
[0013] In the vehicular heat generator according to 
the present invention, there is a close relationship be- 
tween the structural characteristics of the heat genera- 
tor and the properties of the viscous fluid to be employed 
therein. 

[0014] A first type of vehicular heat generator, accord- 
ing to the present invention, has a housing in which a 
heating chamber containing a viscous fluid and a radi- 
ating chamber through which a circulating fluid flows are 
defined. A rotary shaft is rotatably supported in the hous- 
ing. A rotor, located in the heating chamber, is rotated 
by the rotary shaft. Heat generated by shearing of the 
viscous fluid under rotation of the rotor is transferred to 
the circulating fluid. The first type of heat generator is 
characterized in that a fluid having a nominal viscosity 
in the range of 10,000 cSt to 200,000 cSt is employed 
as the viscous fluid. A viscous fluid having a nominal 
viscosity of less than 10,000 cSt gives a small heating 
value; whereas a viscous fluid having a nominal viscos- 
ity of more than 200,000 cSt results in an excessive 
loading torque. Accordingly, in practice, the nominal vis- 
cosity of the viscous fluid to be employed in a vehicular 
heat generator is within the range of 10,000 cSt to 
200,000 cSt. 

[001 5] A second type of vehicular heat generator, ac- 
cording to the present invention, has a housing in which 
a heating chamber containing a viscous fluid, a reservoir 
communicating with the heating chamber and storing 



viscous fluid therein, and a radiating chamber through 
which a circulating fluid flows are defined. A rotary shaft 
is rotatably supported in the housing. A rotor, located in 
the heating chamber, is rotated by the rotary shaft. Heat 

5 generated by shearing of the viscous fluid under rotation 
of the rotor is transferred to the circulating fluid. The sec- 
ond type of heat generator is characterized in that a fluid 
having a nominal viscosity in the range of 10,000 cSt to 
100,000 cSt is employed as the viscous fluid. 

10 [0016] In the second type, since the viscous fluid is 
stored in the reservoir, the amount of viscous fluid em- 
ployed in the vehicular heat generator can be increased 
greatly compared with heat generators haying no reser- 
voir. While the viscous fluid tends to deteriorate (or to 

15 have reduced viscosity) by undergoing shearing by the 
rotor, the reservoir stores surplus viscous fluid to be sub- 
jected to shearing to prevent a given portion of the vis- 
cous fluid from being constantly sheared. Thus, the 
greater the amount of the viscous fluid, the longer the 

20 life of the entire amount of viscous fluid employed is and 
the higher the reliability of the heat generator becomes. 
In the case where the nominal viscosity exceeds 
100,000 cSt, the time required until the heating value is 
equilibrated is increased dramatically, although the 

25 heating value is not increased very much with the in- 
crease in the nominal viscosity. Accordingly, the nominal 
viscosity of the viscous fluid employed in the second 
type of vehicular heat generator is preferably in the 
range of 10,000 cSt to 100,000 cSt. Further, while the 

30 viscous fluid should be able to flow smoothly between 
the heating chamber and the reservoir in this vehicular 
heat generator, it is difficult for a viscous fluid having a 
high viscosity of more than 1 00,000 cSt to flow smoothly 
even during heat generation (at high temperatures), 

35 thus defeating the purpose of the reservoir. Therefore, 
in view of this point, the nominal viscosity of the viscous 
fluid is preferably 100,000 cSt or less. 
[0017] It is more preferable in the first and second 
types of vehicular heat generators that the viscous fluids 

40 are silicone oils showing non-Newtonian viscosity such 
that the apparent viscosity decreases as the shear rate 
increases. 

[0018] In the first and second types of vehicular heat 
generators, the viscous fluids preferably have a nominal 

45 viscosity within the range of 30,000 cSt to 100,000 cSt. 
The heating value tends to increase steeply as the nom- 
inal viscosity is increased until and immediately before 
the nominal viscosity reaches 30,000 cSt. However, at 
a nominal viscosity of 30,000 cSt or more, the increase 

50 jn the heating value tends to reach a ceiling, even if the 
nominal viscosity is increased. Accordingly, when im- 
portance is attached to stability and predictability of the 
heating capacity, the optimum nominal viscosity of the 
viscous fluid to be employed in the vehicular heat gen- 

55 erator is in the range of 30,000 cSt to 100,000 cSt. 
[0019] In the first and second types of vehicular heat 
generators, it is further preferred that the rotors are pro- 
vided with shearing action improving means. In this 
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case, the nominal viscosity of the viscous fluid is pref- 
erably within the range of 15,000 cSt to 100,000 cSt. If 
the rotors are provided with shearing action improving 
means, the tendency for the increase in the heating val- 
ue to reach a ceiling appears at a nominal viscosity of 5 
lower than 30,000 cSt (i.e., at 15,000 cSt). 
[0020] In the second type of vehicular heat generator, 
it is preferred that the reservoir and the heating chamber 
communicate with each other via a recovery passage 
and a supply passage, that the reservoir-side outlet of 10 
the recovery passage is located above the level of the 
viscous fluid, and that the reservoir-side inlet of the sup- 
ply passage is located below that level. 
[0021] According to this constitution, the volume of 
the viscous fluid in the reservoir is smaller than the ca- 15 
pacity of the reservoir, so that the viscous fluid in the 
heating chamber is recovered into the reservoir through 
the recovery passage. The viscous fluid in the reservoir 
is supplied to the heating chamber through the supply 
passage. While the viscous fluid is recirculated between 20 
the reservoir and the heating chamber, if the nominal 
viscosity of the viscous fluid exceeds 100,000 cSt, the 
fluid cannot be recirculated smoothly. Accordingly, the 
viscous fluid to be employed in the vehicular heat gen- 
erator equipped with a reservoir preferably has a nom- 25 
inal viscosity in the range of 10,000 cSt to 100,000 cSt. 
Most preferably, depending on the presence or absence 
of the shearing action improving means, in the range of 
30,000 cSt to 100,000 cSt or in the range of 15,000 cSt 
to 100,000 cSt. Incidentally, the structure where the re- 30 
covery passage is located above the level of the viscous 
fluid and where the supply passage is located below that 
level constitutes, with the aid of the weight of the viscous 
fluid, the simplest structure for circulating the viscous 
fluid between the heating chamber and the reservoir. 35 
[0022] In the first and second types of vehicular heat 
generators, it is preferred to locate a clutch, on a drive 
power transmitting train, between an external drive 
source and the rotary shaft of the rotor. If the nominal 
viscosity of the viscous fluid is too high, the load to be *o 
applied to the rotor becomes excessive leading to trou- 
ble in transmitting driving force at the clutch. Although 
such trouble can be avoided by enlarging the clutch, en- 
largement of the clutch is undesirable. This problem can 
be avoided easily by employing a viscous fluid having a *s 
nominal viscosity of 10,000 cSt to 100,000 cSt. 
[0023] The second type of vehicular heat generator 
preferably has, at the rotational central zone of the rotor, 
communicating passages for permitting communication 
between the heating chamber and the reservoir and a so 
heat generating capacity adjusting function for-recover- 
ing the viscous fluid from the heating chamber through 
the communicating passages to the reservoir, at least 
by the Weissenberg effect (i.e. an alternation of the nor- 
mal stresses in a non- Newtonian fluid on account of 55 
elasticity, so that such a fluid, when placed between two 
concentric, rotating cylinders, can rise on the inner cyl- 
inder in spite of centrifugal forces; entitled "Mc- 



G RAW-HILL DICTIONARY OF SCIENTIFIC AND 
TECHNICAL TERMS, FIFTH EDITION"), when the heat 
generator is operated with reduced heat generating ca- 
pacity. According to this vehicular heat generator, the 
capacity of the reservoir is increased when the heat gen- 
erator is operated with reduced heat generating capac- 
ity, and a part of the viscous fluid in the heating chamber 
is recovered into the reservoir at least by the Weissen- 
berg effect. More specifically, this heat generating ca- 
pacity adjusting function results from the structure of the 
reservoir, which has a variable capacity. Change in the 
capacity of the reservoir is carried out depending on the 
need to increase or decrease the heat generating ca- 
pacity. Variable control of the heat generating capacity 
is achieved by the flow of the viscous fluid between the 
heating chamber and the reservoir 
[0024] The second type of vehicular heat generator is 
preferably provided with a recovery passage and a sup- 
ply passage permitting communication between the res- 
ervoir and the heating chamber and with a heat gener- 
ating capacity adjusting function for recovering the fluid 
from the heating chamber through the recovery passage 
to the reservoir, at least by the Weissenberg effect, 
when the heat generator is operated with reduced heat 
generating capacity. The supply passage is closed 
when the heat generator is operated with reduced heat 
generating capacity, and a part of the viscous fluid in the 
heating chamber is recovered through the recovery pas- 
sage into the reservoir at least by the Weissenberg ef- 
fect. More specifically, this heat generating capacity ad- 
justing function results from the means or structure for 
opening and closing the supply passage. Opening and 
closing of the supply passage is carried out depending 
on the need to increase or decrease the heat generating 
capacity. Variable control of the heat generating capac- 
ity is achieved by the flow of the viscous fluid between 
the heating chamber and the reservoir. 
[0025] As described above, use of a viscous fluid hav- 
ing a certain nominal viscosity in a vehicular heat gen- 
erator equipped with a heat generating capacity adjust- 
ing function is important to achieve smooth circulation 
of the viscous fluid between the heating chamber and 
the reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

Figure 1 shows a heating system containing a heat 
generator according to a first embodiment of the 
present invention, in a state where a solenoid clutch 
is OFF; 

Figure 2 shows the heating system illustrated in Fig- 
ure 1 , is a state where the solenoid clutch is ON; 

Figure 3A is a graph of experimental data showing 
the relationship between the nominal viscosity and 



4 



7 



EP 0 842 800 B1 



8 



the heating value; 

Figure 3B is a graph of experimental data showing 
the relationship between the rise time required until 
the heating value is equilibrated and the nominal 
viscosity; 

Figure 3C is a graph of experimental data showing 
the rise time in a viscous fluid having a nominal vis- 
cosity of 60,000 cSt; 

Figure 4 is a diagram showing a heating system 
containing a heat generator according to a second 
embodiment of the present invention; 

Figure 5 is a diagram of a heating system containing 
a heat generator according to a third embodiment 
of the present invention, showing a state where the 
heat generator is operated with the minimum heat 
generating capacity; 

Figure 6 is a diagram of the heating system illustrat- 
ed in Figure 5, showing a state where the heat gen- 
erator is operated with the maximum heat generat- 
ing capacity; 

Figure 7 is a heating system containing a heat gen- 
erator according to a fourth embodiment of the 
present invention, showing a state where the heat 
generator is operated with the minimum heat gen- 
erating capacity; 

Figure 8 is a diagram of the heating system illustrat- 
ed in Figure 7, showing a state where the heat gen- 
erator is operated with the maximum heat generat- 
ing capacity; 

Figure 9 is a graph explaining the concept of nom- 
inal viscosity and also showing the relationship be- 
tween the apparent viscosity of silicone oil which is 
suitable as the viscous fluid to be employed in a 
heat generator and the shear rate; 

Figure 10 is a graph showing results of simulation 
of the relationship between the revolution speed of 
the rotor and the power in the vehicular heat gen- 
erator; 

Figure 11 is the chemical structural formula of dime- 
thyl -polysiloxane; 

Figure 12 is a cross-sectional view of a heat gener- 
ator according to a fifth embodiment of the present 
invention; 

Figure 13 is a front view of a rotor in the heat gen- 
erator shown in Figure 12; 



Figure 1 4 is a front view of another example of rotor; 

Figure 1 5 is a front view of another example of rotor; 

s Figure 16 is a graph showing relationship between 
the nominal viscosity and the heating value in the 
heat generator according to the fifth embodiment; 

Figure 17 is a chemical structural formula of a hy- 
10 drocarbon series polymer employable as the New- 
tonian fluid; 

Figure 18 is a graph showing evaluation results of 
heat resistance of a viscous fluid at high tempera- 
15 tures; 

Figure 19 is a graph showing evaluation results of 
heat resistance of viscous fluids at a high tempera- 
ture; and 

20 

Figure 20 is a graph showing results of a continuous 
running test of a heat generator. 

BEST MODE FOR CARRYING OUT THE INVENTION 

25 

[0027] Preferred properties of a viscous fluid that is 
used in a vehicular heat generator provided with a rotor 
and that undergoes mechanical shearing by the rotor to 
generate heat will be detailed below. 

30 [0028] According to theoretical analyses and experi- 
ments of the rotor type vehicular heat generator made 
by the present inventors, a torque T generated by fluid 
friction between a rotor and a viscous fluid is proportion- 
al to viscosity coefficient u. of the viscous fluid employed, 

35 and a theoretical heating value Q of the vehicular heat 
generator is proportional to power L or the product (To) 
of the torque T and a rotor angular velocity <o. In other 
words, the theoretical heating value Q is proportional not 
only to the rotor angular velocity <d but also to the vis- 

40 cosity coefficient u. of the viscous fluid. Incidentally, the 
following expressions (1) and (2) represent correlation 
between a frictional torque T and a theoretical heating 
value Q in a vehicular heat generator provided with a 
disc-shaped rotor as will be described later in the first 

45 to fifth embodiments. In the expression (1), "r" repre- 
sents the rotor radius; and "h" represents the clearance 
between the rotor surface and the inner wall surface of 
a heating chamber surrounding the rotor. 

50 4 

Frictional torque: T « (47100 r /h) x u. (1) 
Theoretical heating value: Q«Txo) (2) 

55 
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(Preferred rheologicat properties of viscous fluids) 

[0029] A preferred property of a viscous fluid for a ve- 
hicular heat generator is that the apparent viscosity of 
the fluid shows a pseudoplastic fluid-like non-Newtonian 5 
viscosity. 

[0030] Generally, on the standpoint of rheological be- 
haviors, fluids are roughly divided into Newtonian fluids 
and non-Newtonian fluids. Newtonian fluids are fluids 
that conform to Newton's viscosity law, and such fluid 
properties are generally called Newtonian viscosity. 
Meanwhile, fluids that do not conform to Newton's vis- 
cosity law are generally referred widely to as non-New- 
tonian fluids. When one tries to find out whether a fluid 
is a Newtonian fluid or a non-Newtonian fluid, there is a 
method based on the index number when the power-law 
fluid model is applied. For example, when a rotary disc 
(radius r; corresponding to the rotor) and a stationary 
plate (corresponding to the inner wall surface of the 
heating chamber) are located parallel to each other in a 
certain fluid with a predetermined clearance "h" being 
between them and the disc is rotated at an angular ve- 
locity oj, the relationship between the viscosity coeffi- 
cient u, and a shear rate V is applied to a power function 
of the following expression (3): 

Viscosity coefficient: u, = ja 0 V*"" 1 * 

= d/V) (1 ' n) (3) 
{\lq is a constant of proportion) 

Shear rate: V = rco/h (4) 

[0031] In the expression (3), if the equation is effective 
when n = 1 , or if is equal to the constant of proportion, 
the fluid is a Newtonian fluid. On the other hand, when 
the equation is effective when n * 1 (0 < n < 1 , 1 < n), 
the fluid is a non-Newtonian fluid. As described above, 
in the case of the Newtonian fluid (n = 1), u. becomes 
constant, and the viscosity coefficient ^ is constant in- 
dependent of the shear rate V. Meanwhile, in the case 
of the non- Newtonian fluid, the viscosity coefficient p, is 
proportional to the power of V or 1/V and is also depend- 
ent on the shear rate V. Incidentally, Newtonian fluids 
include, for example, water, organic solvents, low-mo- 
lecular weight oils and low-molecular weight organic 
compounds. 

[0032] Non-Newtonian fluids can be classified further 
into two groups. More specifically, depending on wheth- 
er the value n is greater or smaller than 1 in the expres- 
sion (3), rheological behaviors of non-Newtonian fluids 
differ. When n is greater than 1 (1 < n), the viscosity co- 
efficient u. is proportional to the power of shear rate V. 
This means that the viscosity coefficient p. increases as 
the shear rate V increases, and this is a dilatant fluid- 



like property. Meanwhile, when n is smaller than 1 (0 < 
n < 1), the expression (3) is converted to = Ho * (1/V)< 1 ""> 
(i.e., the index is constantly positive), and the viscosity 
coefficient u. is proportional to the power of the inverse 
number of the shear rate (1 AO- This means that the vis- 
cosity coefficient u. decreases as the shear rate V in- 
creases, which is a pseudoplastic fluid-like property (or 
shear thinning property). 

[0033] Accordingly, if a dilatant fluid is employed as a 
viscous fluid in a vehicular heat generator, the theoret- 
ical heating value Q thereof increases dramatically as 
the rotor angular velocity a> increases due to the effect 
of the increase of the rotor angular velocity a> (see ex- 
pressions (1) and (2)) and the effect of the increase in 
the viscosity coefficient u, as the rotor angular velocity a> 
increases (increase in the shear rate V). On the other 
hand, when a pseudoplastic fluid-like fluid is employed 
in a vehicular heat generator, the viscosity coefficient u. 
of the fluid tends to decrease as the rotor angular veloc- 
ity <o increases (increase in the shear rate V), although 
the increase of rotor angular velocity oo can be a factor 
promoting an increase in the theoretical heating value 
Q. Accordingly, when a pseudoplastic fluid-like fluid is 
employed, there-occurs a repressive factor such that 
the viscosity coefficient n decreases even if the rotor an- 
gular velocity co is increased, so that there is a small ten- 
dency that the theoretical heating value Q increases, 
and such increase is rather inhibited. 
[0034] A pseudoplastic fluid-like non-Newtonian fluid 
is desirable as the viscous fluid to be employed, partic- 
ularly in a vehicular heat generator. It is realistic when 
such viscous fluid is employed to select the viscosity of 
the viscous fluid such that a necessary heating value is 
attained in the normal revolution speed range of a vehi- 
cle engine (e.g., 600 to 2,000 rpm in the case of a diesel 
engine). For example, even if the revolution speed of 
the engine is increased beyond the normal revolution 
speed range to accelerate the vehicle, or if the rotor an- 
gular velocity <o in the vehicular heat generator is in- 
creased excessively (and so is the shear rate V), the 
viscosity coefficient u. of the viscous fluid tends to de- 
crease as described above. Accordingly, since the vis- 
cosity coefficient u, decreases in spite of the increase in 
the rotor angular velocity <o, an increase in the theoret- 
ical heating value Q is suppressed to a certain extent. 
Accordingly, even when the revolution speed of the ve- 
hicular engine is increased, overheating of the viscous 
fluid due to over-shearing thereof is avoided by self-reg- 
ulation. Therefore, deterioration of the viscous fluid is 
avoided, which extends the use of the vehicular heat 
generator. 

[0035] Meanwhile, if a Newtonian fluid or a dilatant 
non-Newtonian fluid is employed as the viscous fluid, it 
is apparent that the theoretical heating value Q shows 
a notable tendency to increase with the increase in the 
rotor angular velocity a> to leading to overheating by 
over-shearing of the viscous fluid and early deterioration 
of the viscous fluid. Incidentally, Figure 10 shows the 
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results of computer-simulated relationship between the 
revolution speed N of the rotor In the vehicular heat gen- 
erator and the power L = Tea (the power L is proportional 
to the theoretical heating value Q), in a comparison be- 
tween a case where a Newtonian fluid is employed as 
the viscous fluid and a case where a pseudoplastic fluid- 
like non-Newtonian fluid is employed as the viscous flu- 
id. The closed circles plotted in Figure 1 0 show resulting 
values when a silicone oil to be described later was em- 
ployed as the non-Newtonian fluid. As shown in Figure 
10, use of the pseudoplastic fluid-like non-Newtonian 
fluid reduces in the extent of fluctuation of the theoretical 
heating value Q with respect to the change in the revo- 
lution speed N of the rotor. 

[0036] As described above, the viscous fluid to be em- 
ployed in the vehicular heat generator Is preferably a 
pseudoplastic fluid-like non-Newtonian fluid. However, 
if such viscous fluid is prescribed quantitatively, a fluid 
represented by the expression (3) wherein n is in the 
range of 0.3 to 0.5 is more preferred. 

(Preferred nominal viscosity of viscous fluid) 

[0037] Viscous fluids for vehicular heat generators 
have preferably nominal viscosity values in the range of 
10,000 cSt to 200,000 cSt, more preferably in the range 
of 1 0,000 cSt to 100,000 cSt, still more preferably in the 
range of 15,000 cSt (or 30,000 cSt) to 100,000 cSt. 
[0038] According to the finding of the present inven- 
tors with respect to the relationship between the viscos- 
ity of the viscous fluid and the heating value of the heat 
generator, the heating value to be obtained, or the time 
until the heating value is equilibrated, and the like 
change depending on the nominal viscosity. In the case 
of a non-Newtonian fluid, while the apparent viscosity of 
the viscous fluid depends on the shear rate V (i.e., ro- 
tational speed of the rotor), the viscosity when the shear 
rate is zero, assumed based on the apparent viscosity 
at normal temperature (25°C to 30°C), is referred to as 
"nominal viscosity". Figure 9 shows relationship be- 
tween the shear rate V and the apparent viscosity in a 
high-molecular weight silicone oil employed as a pseu- 
doplastic fluid-like non-Newtonian fluid. The curve S1 in 
Figure 9 represents a viscous fluid having a nominal vis- 
cosity of 10,000 cSt; the curve S2 represents a viscous 
fluid having a nominal viscosity of 30,000 cSt; the curve 
S3 represents a viscous fluid having a nominal viscosity 
of 100,000 cSt; and the curve S4 represents a viscous 
fluid having a nominal viscosity of 200,000 cSt. 
[0039] In a vehicular heat generator, a viscous fluid 
having a nominal viscosity of less than 10,000 cSt gives 
a small heating value; whereas a viscous fluid having a 
nominal viscosity of more than 200,000 cSt results in an 
excessive loading torque. Accordingly, the viscous fluid 
is required to have a nominal viscosity within the range 
of 1 0,000 cSt to 200,000 cSt. However, in the case of a 
viscous fluid having a nominal viscosity of more than 
100,000 cSt, the time required until the heating value is 



equilibrated is significantly increased, which is undesir- 
able, although the heating value is not increased as 
much as the viscosity is increased. Further, a highly vis- 
cous fluid having a viscosity of more than 100,000 cSt 
5 does not flow smoothly even during heat generation (at 
high temperatures), which may restrict the flow within 
the heater housing. Due to such problems, the upper 
limit of nominal viscosity is preferably 100,000 cSt rather 
than 200,000 cSt. 

10 

(Typical examples of viscous fluid satisfying the above 
requirements) 

[0040] Fluids capable of showing pseudoplastic fluid- 
's like non-Newtonian viscosity include polymers such as 
silicone oils, polyacrylamides and high-molecular 
weight polyethylene oxides. However, whether a poly- 
mer as the viscous fluid shows a pseudoplastic fluid-like 
non-Newtonian viscosity does not depend on factors of 
20 unit molecules constituting the polymer (primary struc- 
ture of the polymer) but rather is influenced greatly by 
the molecular weight or secondary structure of the pol- 
ymer. The dilatancy and pseudoplasticity referred to. 
above are supposed to be attributed mainly to formation 
25 and disruption of the secondary structure in the fluid 
molecules. Accordingly, as far as silicone oils are con- 
cerned, not all silicones falling under the category of sil- 
icone oils show pseudoplastic fluid-like non-Newtonian 
viscosity, but there are some silicone oils that fall under 
30 the category of Newtonian fluid or dilatant fluid. 

[0041] Silicone oils capable of showing pseudoplastic 
fluid-like non-Newtonian viscosity typically include, for 
example, dimethyl -poly siloxane, methyl phenyl-polysi- 
loxane and diphenyl-polysiloxane. Figure 11 shows the 
35 chemical structural formula of linear dimethyl-polysi- 
loxane. 

[0042] Further, phenyl-substituted polysiloxane, in 
which methyl groups (CH 3 -) in dimethyl-polysiloxane 
are partly replaced with phenyl groups (C 6 H5-), regularly 

40 or at random, can be also employed. According to phe- 
nyl-substituted polysiloxanes including methylphenyl- 
polysiloxane and diphenyl-polysiloxane, the pour point 
of such polysiloxane polymer can be adjusted depend- 
ing on the ratio of phenyl groups to methyl groups, and 

45 thus the low temperature properties of silicone oils can 
be improved (see "Silicone Handbook", Chapter 5, pub- 
lished by The Nikkan Kogyo Shinbun, Ltd.). The incor- 
poration of phenyl groups can also advantageously im- 
prove the thermal-oxidative stability of silicone oils 

so (ibid). 

[0043] Dimethyl-polysiloxane, among the other sili- 
cone oils exemplified above, is most suitable as a vis- 
cous fluid for vehicular heat generators, because dime- 
thyl-polysiloxane has high shear resistance, excellent 
55 defoaming property, excellent chemical stability (it cor- 
rodes no metals) and small temperature-dependent vis- 
cosity change (small temperature dependency of vis- 
cosity), and these overall properties are preferred for a 
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heating medium that is sheared by a rotor. 
[0044] When dimethyl-polysiloxane is employed as a 
silicone oil, the molecular weight thereof is preferably In 
the range of 60,000 to 120,000, and more preferably in 
the range of 60,000 to 100,000. A relationship approxi- 
mate to the following expression (5) is established be- 
tween the molecular weight M and the viscosity [nj of 
dimethyl-polysiloxane: 

logfa] = 1 .00 + 0.0123 x M° 5 (5) 

[0045] To show the typical relationship between the 
molecular weight and the viscosity of dimethyl-polysi- 
loxane, the viscosity of a polymer having a molecular 
weight of about 60, 000 is about 10,000 cSt at normal 
temperature; about 100,000 cSt at normal temperature 
in the case of a polymer having a molecular weight of 
about 100,000, and about 200,000 cSt at normal tem- 
perature-in the case of a polymer having a molecular 
weight of about 120,000. It should be noted here that 
while dimethyl -polysiloxanes having viscosity values of 
1,000 cSt or more (about 20,000 to 30,000 or more in 
terms of molecular weight) at normal temperature tend 
to show pseudoplastic fluid-like non-Newtonian viscos- 
ity, the degree of non-Newtonian viscosity of dimethyl- 
polysiloxane having a viscosity of about 1 ,000 cSt is ex- 
tremely small compared with that having a viscosity val- 
ue of about 10,000 cSt, so a reduction of the viscosity 
coefficient with an increase in the shear rate cannot al- 
ways be achieved sufficiently. The curve S5 in Figure 9 
represents a viscous fluid having a nominal viscosity of 
1,000 cSt. 

[0046] Silicone oils including dimethyl-polysiloxane 
are extremely inactive chemically (chemically stable) 
and does not corrode metals such as copper, iron, nick- 
el, aluminum, tin, silver, zinc, duralumin and stainless 
steel. Further, high-molecular weight silicone oils do not 
cause swelling of rubbers employed as sealing materi- 
als in a heat generator. As described above, since sili- 
cone oils show no corrosiveness against other materi- 
als, they are suitable for vehicular heat generators. 
[0047] Dimethyl-polysiloxane is most preferred in that 
it undergoes a small viscosity change as the tempera- 
ture changes (small temperature dependency of viscos- 
ity). This is because the smaller the temperature de- 
pendency of the viscosity is, the easier it is to predict 
the heating value during operation, and the easier it is 
to predict the heating value. Dimethyl-polysiloxane has 
a low temperature dependency of viscosity, which is of 
course small compared with those of general oils such 
as spindle oils and buffer oils, and undergoes viscosity 
changes at a low rate compared with the phenyl-substi- 
tuted polysiloxanes as described above. Conversely 
speaking, it is problematic to employ such phenyl-sub- 
stituted polysiloxanes as viscous fluids for heat gener- 
ators because their viscosity values are highly depend- 



ent on the temperature. 

[0048] Dimethyl-polysiloxane, due to its strong sl- 
loxane bond, has relatively good thermal oxidative sta- 
bility and is hardly oxidized in air at 175°C or lower. How- 

5 ever, it undergoes stepwise oxidation in air at higher 
than 200°C (referred to as high-temperature oxidation) 
due to pyrotysis of the methyl groups to cause gelation 
and heat weight loss (to undergo partial pyrolysis and 
form low-molecular weight components as by-prod- 

10 ucts). Particularly, it Is necessary to design a vehicular 
heat generator such that the viscous fluid reaches a high 
temperature of 150°C to 170°C for the purpose of in- 
creasing the rate of heat exchange from the viscous fluid 
in the heating chamber to a circulating fluid (e.g. , engine 

is coolant) flowing through a radiating chamber. In such 
cases, the temperature of the viscous fluid may tempo- 
rarily exceed its heat resistance. 
[0049] Accordingly, when a silicone oil such as dime- 
thyl-polysiloxane is employed as a viscous fluid, a ther- 

20 mal oxidative stabilizer may be added as necessary. 
The thermal oxidative stabilizer may include aromatic 
amine compounds and organic acid salts of metals 
such'as iron, cerium, nickel, titanium, zirconium and haf- 
nium (e.g., iron octoate). Addition of such thermal oxi- 

25 dative stabilizer to dimethyl-polysiloxane can provide 
the same level of thermal oxidative stability as that of 
methyl phenyl -poly si loxane (serviceable for several 
hundreds of hours at 300°C to 350°C). 
[0050] In addition to the thermal oxidative stabilizer 

30 described above, a small amount of anti-thickening 
agent or anti-gelling agent may be added to the viscous 
fluids for heat generators. 

[0051] Further, in order to impart a predetermined lu- 
bricity to the viscous fluid, a small amount of lubricative 

35 additive may be added. For example, in order to improve 
the lubricity of dimethyl-polysiloxane type silicone oil, an 
ester oil may be added as a lubricative additive. There- 
fore, the sliding friction at the bearing section supporting 
the rotor in the vehicular heat generator can be reduced, 

40 and thus the viscous fluid can serve as a lubricant for 
the rotor bearing section. 

[0052] The viscous fluid to be employed in a heat gen- 
erator need not be of a single kind of polymer but may 
be a blend of two or more polymers. For example, in 

45 order to obtain a silicone oil having a desired nominal 
viscosity of 30,000 to 100,000 cSt (e.g., 50,000 cSt). a 
30,000 cSt silicone oil and a 100,000 cSt silicone oil may 
be blended at a predetermined ratio. Otherwise, in order 
to improve thermal oxidative stability without employing 

50 a thermal oxidative stabilizer, a dimethyl-polysiloxane 
type silicone oil may be blended with a methylphenyl- 
polysiloxane type silicone oil. As described above, it is 
effective to employ a blend of some kinds of polymers 
having different properties so as to impart the necessary 

55 properties to the viscous fluid. 

[0053] It is generally preferred that viscous fluids for 
heat generators do not have viscosity characteristics 
dependent on the shear force acting time. For example, 
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a thixotropic fluid has time-dependent viscosity charac- 
teristics, and when it is subjected to shearing at a certain 
shear rate under isothermal conditions, its viscosity (or 
shear stress) tends to decrease with time. If such thix- 
otropic fluid is employed as the viscous fluid for a heat 
generator, a necessary heating value can be achieved 
for a certain time immediately after starting of the rotor 
but is gradually lost as the viscosity is lowered with time. 
Accordingly, it is not suitable to employ a thixotropic fluid 
as a viscous fluid for a vehicular heat generator that is 
required to have stable heat generating capacity during 
continuous operation. 

[0054] In the following, five types of vehicular heat 
generators and embodiments of vehicular heating sys- 
tems incorporated with such heat generators will be de- 
scribed with relation to characteristics of viscous fluids 
that are suitable for each. 

(First embodiment) 

[0055] A first embodiment of the present invention will 
be described below referring to Figures 1,2, 3A, 3B and 
3C. 

[0056] As shown in Figures 1 and 2, a vehicular en- 
gine 11 is cooled by a coolant, serving as a circulating 
fluid, circulated through a conduit 13 by a water pump 
12. The coolant circulating through the conduit 13 is 
cooled by a radiator 14, which receives forced air from 
a cooling fan 15. The cooling fan 15 is an electric fan. A 
by-path 131 is provided between the conduit 13 and the 
vehicular engine 11 , and a water temperature sensor 17 
is attached to the by-path 131. The water temperature 
sensor 1 7 detects the temperature of the coolant flowing 
through the by-path 131. The cooling fan 15 is actuated 
under control of a cooling control section 18, which con- 
trols operation of the cooling fan 15 based on detected 
temperature information obtained from the water tem- 
perature sensor 17. In the case where the water tem- 
perature detected by the water temperature sensor 17 
is lower than a preset water temperature, the cooling 
control section 18 does not actuate the cooling fan 15, 
and it actuates the cooling fan 15 when the detected wa- 
ter temperature reaches the preset water temperature. 
[0057] Another radiator 21 and a vehicular heat gen- 
erator 22 are located on the by-path 131. The coolant 
flowing through the by-path 131 is cooled at the radiator 

21 by forced air from a fan 23. The fan 23 is an electric 
fan, and the air blown by the fan 23 is fed into a vehicle 
cabin. 

[0058] The structure of the vehicular heat generator 

22 will be described. A partition 27 having a high thermal 
conductivity is located between a front housing 25 and 
a rear housing 26, and the front housing 25 and the rear 
housing 26 are combined and fastened by bolts 28 to 
the partition 27. The space defined between the partition 
27 and the front housing 25 constitutes a heating cham- 
ber 29, whereas the space defined between the periph- 
eral zone of the partition 27 and the rear housing 26 con- 



stitutes a water jacket 30 serving as a radiating cham- 
ber. The water jacket 30 is connected to the by-path 1 31 
via a water inlet port 261 and a water outlet port 262, 
and the coolant discharged from the vehicular engine 
s 11 to the by-path 131 flows into the water jacket 30 
through the inlet port 261 and is discharged through the 
outlet port 262. The coolant discharged from the water 
jacket 30 flows toward the radiator 21. 
[0059] The space defined between the central zone 
10 of the partition 27 and the rear housing 26 forms a res- 
ervoir 16. The reservoir 16 contains a viscous fluid F. A 
silicone oil having a nominal viscosity of 30,000 cSt to 
1 00,000 cSt (using dimethyl-polysiloxane) is employed 
as the viscous fluid F. The silicone oil shows character- 
's istics as shown by the curves S2 or S3 in Figure 9, that 
is, pseudoplastic fluid-like non-Newtonian viscosity 
characteristics. 

[0060] A rotary shaft 31 is rotatably supported in the 
front housing 25 via a radial bearing 32, and a disc- 
20 shaped rotor 33 is fixed to the inner end of the rotary 
shaft 31 . The rotor 33 is housed in the heating chamber 
29. 

[0061] A recovery passage 271 and a supply passage 
272 are defined in the partition 27. The recovery pas- 

25 sage 271 and the supply passage 272 permit commu- 
nication between the heating chamber 29 and the res- 
ervoir 16. The reservoir side port of the recovery pas- 
sage 271 is located above the level F1 of the viscous 
fluid F in the reservoir 16, while the reservoir side port 

30 of the supply passage 272 is located below the level F1 . 
Further, the recovery passage 271 is located at a posi- 
tion remote from the rotational axis of the rotor 33 so 
that it is opposed to a peripheral zone of the rotor 33. 
[0062] A sealing mechanism 34, which is located be- 

35 tween the front housing 25 and the rotary shaft 31 , pre- 
vents the viscous fluid F from leaking along the circum- 
ference of the rotary shaft 31 . A solenoid clutch 35 is 
provided between the outer end of the rotary shaft 31 
and a cylindrical supporting portion 251 protruding for- 

40 ward from the front housing 25. A pulley 351 serving as 
one of clutch plates of the solenoid clutch 35 is opera- 
tive^ connected to the engine 11 via a belt 36. The pul- 
ley 351 is rotatably supported by the cylindrical support- 
ing portion 251 via an angular bearing 37. A support ring 

45 38 is fixed to the outer end of the rotary shaft 31 . Another 
clutch plate 352 of the solenoid clutch 35 is supported 
by the support ring 38 via a leaf spring 353. 
[0063] When a solenoid 354 of the solenoid clutch 35 
is energized, the clutch plate 352 is brought into contact 

50 with a side face of the pulley 351 against the spring force 
of the leaf spring 353, as shown in Figure 2. The contact 
of the clutch plate 352 with the pulley 351 causes the 
driving force of the vehicular engine 1 1 to be transmitted 
to the rotary shaft 31, causing the rotor 33 to rotate. The 

55 viscous fluid F in the heating chamber 29 is sheared by 
the rotation of the rotor 33 to generate heat. The heat 
thus generated is transmitted through the partition 27 to 
the coolant in the water jacket 30, and the water flowing 
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through the inlet port 261 into the water jacket 30 is thus 
heated and discharged through the outlet port 262. 
[0064] As the rotor 33 is rotated, the viscous fluid F in 
the heating chamber 29 is partly discharged through the 
recovery passage 271 to the reservoir 16, while the vis- 5 
cous fluid F stored in the reservoir 1 6 is supplied through 
the supply passage 272 to the heating chamber 29. This 
supply capability results from the fluid pressure of the 
viscous fluid F corresponding to the difference between 
the height of the supply passage 272 and the level F1 10 
of the viscous fluid F. 

[0065] When the solenoid 354 of the solenoid clutch 
35 is deenergized, the clutch plate 352 is spaced away 
from the lateral face of the pulley 351 by the spring force 
of the leaf spring 353, as shown in Figure 1 . The sole- * 5 
noid clutch 35 is subject to energization control by an 
auxiliary heating control section 24. The auxiliary heat- 
ing control section 24 can only energize the clutch 35 
when an auxiliary heater switch 39 is turned ON. The 
auxiliary heating control section 24 controls magnetiza- 20 
tion and demagnetization' of the solenoid clutch 35 
based on the temperature information from the water 
temperature sensor 17. 

[0066] The curve E1 in Figure 3A shows experimental 
data explaining the relationship between the nominal 25 
viscosity and the heating value. The abscissa repre- 
sents nominal viscosity values of viscous fluids, and the 
ordinate represents the equilibrium heating values final- 
ly attained. The curve E2 in Figure 3B shows experi- 
mental data explaining the relationship between the rise 30 
time required until the heating value is equilibrated and 
the nominal viscosity. The abscissa represents the nom- 
inal viscosity and the ordinate represents the rise time. 
The curve E3 in Figure 3C shows experimental data ex- 
plaining rise time to of a viscous fluid F having a nominal 35 
viscosity of 60,000 cSt. The abscissa represents the 
time elapsed, and the ordinate represents the heating 
value. The black points on the curves E1 and E2 are 
experimental results. Each experiment was carried out 
using the vehicular heat generator 22 at normal temper- <o 
ature and at a rotor revolution speed of 2,000 rpm. 
[0067] Advantages of the first embodiment will be de- 
scribed in the following paragraphs. 

(1-1) As shown by the curve E1, the fluids having 45 
nominal viscosity values of less than 10,000 cSt 
correspond to small heating values. Meanwhile, .in 
the viscous fluids F having nominal viscosity values 
of 30,000 cSt or more, the increase in the equilibri- 
um heating value attained as the nominal viscosity so 
increases tends to reach a ceiling. As the curves E1 
and E2 show, in the fluids having nominal viscosity 
values of more than 1 00,000 cSt, although the equi- 
librium heating value attained as the nominal vis- 
cosity increases is not increased very much, the 55 
time required until the heating value is equilibrated 
increases sharply Accordingly, optimum range of 
nominal viscosity for a viscous fluid to be employed 



in the heat generator according to the first embod- 
iment is 30,000 cSt to 1 00,000 cSt. A sufficient equi- 
librium heating value can be obtained in the heat 
generator 22 employing a viscous fluid F having a 
nominal viscosity within this range, and the time un- 
til appropriate heating action is obtained after the 
heat generator 22 is started is reduced. 

(1-2) There is a tendency for the viscosity of a vis- 
cous fluid F to be reduced due to deterioration of 
the fluid caused by the rotational shear force of the 
rotor 33. The smaller the amount of the viscous fluid 
F employed, the higher the speed of deterioration 
of the fluid F. The viscous fluid F stored in the res- 
ervoir 16 increases the amount of viscous fluid F to 
be employed in the heat generator 22 compared 
with heat generators having no reservoir 16. Ac- 
cordingly, the life of the viscous fluid F employed in 
the heat generator 22 is increased, and thus relia- 
bility of the heat generator 22 is improved. 

(1-3) The speed at which the viscous fluid F under- 
goes deterioration is accelerated when the viscous 
fluid F, which is confined in a small heating chamber 
29, is used continuously. The volume of the viscous 
fluid in the reservoir 16 is smaller than the capacity 
of the reservoir 16, so that the viscous fluid F in the 
heating chamber 29 is recovered into the reservoir 
16 through the recovery passage 271 located 
above the level F1 . The viscous fluid F in the reser- 
voir 16 is supplied to the heating chamber 29 
through the supply passage 272 located below the 
level F1 . The viscous fluid F is recirculated between 
the reservoir 16 and the heating chamber 29, but a 
viscous fluid F having a nominal viscosity of more 
than 100,000 cSt cannot be recirculated smoothly. 
If such recirculation is not carried out smoothly, the 
deterioration of the viscous fluid is accelerated. Ac- 
cordingly, the optimum range of nominal viscosity 
for the viscous fluid F to be employed in the heat 
generator 22 in which the viscous fluid F is circulat- 
ed between the reservoir 16 and the heating cham- 
ber 29 is 30,000 cSt and 100,000 cSt. 

(1-4) In the construction where the recovery pas- 
sage 271 is located above the level F1 and the sup- 
ply passage 272 is located below the level F1 , if the 
viscous fluid F in the heating chamber 29 is dis- 
charged into the reservoir 16, the viscous fluid F in 
the reservoir 16 is continuously supplied to the heat- 
ing chamber 29 due to the fluid pressure corre- 
sponding to the difference between the level F1 and 
the height of the supply passage 272. This circula- 
tory structure, resulting in continuous supply, con- 
stitutes the simplest structure for circulating the vis- 
cous fluid F between the heating chamber 29 and 
the reservoir 16. 
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(1-5) If the nominal viscosity of the oil is extremely 
high, an excessive load is applied to the rotor 33, 
and slippage can occur between the pulley 351 and 
the clutch plate 352. That is, a problem occurs in 
transmitting the driving force at the solenoid clutch 
35. If a viscous fluid having a nominal viscosity of 
100,000 cSt or less is employed, this problem can 
be avoided easily. 

(1-6) Generally, the rotor 33 exerts higher shear 
force at its peripheral zone compared to its central 
zone. According to the construction where the re- 
covery passage 271 is located at a position corre- 
sponding to the peripheral zone of the rotor 33, the 
time during which a great shear force is applied to 
the viscous fluid F is reduced, and deterioration of 
the viscous fluid F is inhibited. 

[0068] While a viscous fluid F having a nominal vis- 
cosity of 30,000 cSt to 100,000 cSt is employed in the 
first embodiment, in practice, there is no problem in the 
equilibrium heating value attained by a viscous fluid hav- 
ing a nominal viscosity of 10,000 cSt or more. Accord- 
ingly, the nominal viscosity of the viscous fluid F that 
may be employed in the vehicular heat generator 22 is 
in the range of 10,000 cSt to 100,000 cSt. 

(Second embodiment) 

[0069] A second embodiment of the vehicular heating 
system incorporated with a heat generator 40 will be de- 
scribed referring to Figure 4. Constituents that are the 
same as those in the first embodiment are affixed with 
the same reference numbers, respectively. 
[0070] The heat generator 40 of the second embodi- 
ment is different from that of the first embodiment in that 
it has no reservoir 1 6 and that it employs a viscous fluid 
having a nominal viscosity of 10,000 cStto 200,000 cSt. 
[0071] A viscous fluid having a nominal viscosity of 
more than 200,000 cSt is extremely viscous resulting in 
an excessive loading torque and possible trouble in 
transmitting driving force in the solenoid clutch 35. Use 
of a viscous fluid having a nominal viscosity of 200,000 
cSt or less can avoid such trouble. Accordingly, in prac- 
tice, the nominal viscosity of the viscous fluid F that may 
be employed in the vehicular heat generator 40 is in the 
range of 10,000 cSt to 200,000 cSt. Incidentally, the vis- 
cous fluid F employed in the second embodiment is a 
silicone oil showing pseudoplastic fluid-like non-Newto- 
nian viscosity, like in the first embodiment. 

(Third embodiment) 

[0072] A third embodiment of the vehicular heating 
system incorporated with a heat generator 41 will be de- 
scribed referring to Figures 5 and 6. Constituents that 
are the same as those in the first embodiment are affixed 
with the same reference numbers, respectively. 



[0073] A rotary shaft 31 in the heat generator 41 of 
the third embodiment is operatively connected to a ve- 
hicular engine 11 with no clutch located therebetween. 
A reservoir 42 is defined between a rear housing 26 and 

s the diametrically central zone of a partition 27. The res- 
ervoir 42 contains a viscous fluid F A fluid having a nom- 
inal viscosity of 30,000 cSt to 100,000 cSt is employed 
as the viscous fluid F. The volume of the viscous fluid F 
contained in the heating chamber 29 and the reservoir 

w 42 is designed to be smaller than the minimum capacity 
of the heating chamber 29 and the reservoir 42. The par- 
tition 27 contains a recovery passage 273 and a supply 
passage 274. The recovery passage 273 and the supply 
passage 274 provide communication between the heat- 

15 ing chamber 29 and the reservoir 42. The distance from 
the rotation center of the rotary shaft 31 to the recovery 
passage 273 is shorter than the distance from the rota- 
tion center of the rotary shaft 31 to the supply passage 
274. 

20 [0074] A cylinder 19 is attached to the rear housing 
26, and a spool 20 is slidabty supported by the cylinder 
19. The spool 20 is prevented from rotating around the 
cylinder 19 by a pin 53 protruding from the inner end 
face of the rear housing 26. A compression spring 43 is 

25 located between the cylinder 19 and the spool 20. The 
compression spring 43 urges the spool 20 toward the 
partition 27. A suction pump 44 is connected to the cyl- 
inder 19 via a solenoid valve 45. The suction pump 44 
is operated by the driving force of the vehicle engine 1 1 . 

30 [0075] In Figures 5 and 6, an auxiliary heater switch 
39 is turned ON. When the water temperature detected 
by a water temperature sensor 1 7 reaches a preset first 
temperature T1 , an auxiliary heating control section 46 
demagnetizes the solenoid valve 45 to allow the inner 

35 space of the cylinder 19 to communicate with the atmos- 
phere via the solenoid valve 45, as shown in Figure 5. 
Accordingly, the internal pressure of the cylinder 19 be- 
comes equal to the atmospheric pressure, so that the 
spool 20 is pressed against the partition 27 under the 

40 action of the atmospheric pressure and the spring force 
of the compression spring 43. The spool 20 thus 
pressed against the partition 27 closes the supply pas- 
sage 274. The viscous fluid F in the heating chamber 
29 is discharged through the recovery passage 273 into 

45 the reservoir 42, at least due to the Weissenberg effect, 
and thus the volume of the viscous fluid F in the heating 
chamber 29 decreases. Accordingly, the heating value 
in the vehicular heat generator 41 is reduced. 
[0076] When the water temperature detected by the 

so water temperature sensor 17 reaches a preset second 
temperature T2 (T2 < T1), the auxiliary heating control 
section 46 magnetizes the solenoid valve 45 to allow the 
inner space of the cylinder 19 to communicate with the 
suction pump 44 via the solenoid valve 45. Thus, the 

55 internal pressure of the cylinder 1 9 becomes lower than 
the atmospheric pressure, and the spool 20 is spaced 
away from the partition 27, as shown in Figure 6. The 
spool thus spaced away from the partition 27 opens the 



11 



21 



EP 0 842 800 B1 



22 



supply passage 274. While the viscous fluid F in the 
heating chamber 29 is discharged through the recovery 
passage 273 to the reservoir 42, the viscous fluid F in 
the reservoir 42 is fed through the supply passage 274 
to the heating chamber 29 in an amount greater than 
that discharged through the recovery passage 273 into 
the reservoir 42. Accordingly, the volume of the viscous 
fluid F in the heating chamber 29 is increased to in- 
crease the heating value in the heat generator 41. 
[0077] The spool 20, the compression spring 43, the 
solenoid valve 45 and the suction pump 44 constitute 
not only means for opening and closing the supply pas- 
sage 274 but also variable volume means for adjusting 
the volume of the viscous fluid in the heating chamber 
29. In other words, the vehicular heat generator 41 is a 
variable heating capacity type heating apparatus. 
[0078] Advantages of the third embodiment will be de- 
scribed in the following paragraphs. 

(3-1 ) The third embodiment enjoys the same advan- 
tages as described in the paragraphs (1-1), (1-2) 
and (1-3) of the first embodiment. 

(3-2) The supply passage 274 is closed when the 
heat generator 41 is operated with reduced heating 
capacity, and the viscous fluid F in the heating 
chamber 29 is partly recovered through.the recov- 
ery passage 273 into the reservoir 42, at least by 
the Weissenberg effect. The structure of circulating 
the viscous fluid F under the Weissenberg effect is 
very simple. 

[0079] In the third embodiment, the results are satis- 
factory even with a viscous fluid having a nominal vis- 
cosity of 1 0,000 cSt to 30,000 cSt. Accordingly, the nom- 
inal viscosity of the viscous fluid that may be employed 
in the vehicular heat generator 41 according to the third 
embodiment is within the range of 10,000 cSt to 100,000 
cSt The viscous fluid F employed in the third embodi- 
ment is a silicone oil showing pseudoplastic fluid-like 
non-Newtonian viscosity, like in the first embodiment. 

(Fourth embodiment) 

[0080] A fourth embodiment of the vehicular heating 
system incorporated with a heat generator47 will be de- 
scribed referring to Figures 7 and 8. Constituents that 
are the same as those in the third embodiment are af- 
fixed with the same reference numbers, respectively. 
[0081 ] A partition 27 in the heat generator 47 accord- 
ing to the fourth embodiment has a cylindrical portion 
275 in which a spool 48 is slidably contained. The spool 
48 is urged by a compression spring 50 away from a 
circJip 51. A solenoid 49 is incorporated into the cylin- 
drical portion 275. The solenoid 49 is subject to mag- 
netization and demagnetization control by an auxiliary 
heating control section 46. When the solenoid 49 is 
magnetized, the spool 48 abuts against the circiip 51 



against the spring force of the compression spring 50. 
When the solenoid 49 is demagnetized, the spool 48 is 
spaced away from the circlip 51 by the spring force of 
the compression spring 50. Accordingly, the capacity of 
5 a reservoir 52 defined between a rotary shaft 31 and the 
spool 48 is changed by switching the solenoid 49 be- 
tween magnetization and demagnetization. 
[0082] The volume of the viscous fluid F present in the 
heating chamber 29 and the reservoir 52 is designed to 
be smaller than the minimum capacity of the heating 
chamber 29 and the reservoir 52. A fluid having a nom- 
inal viscosity of 30,000 cSt to 100,000 cSt is employed 
as the viscous fluid F. 

[0083] In Figures 7 and 8, an auxiliary heater switch 
39 is turned ON. In the state where the heater switch 39 
is turned on, the auxiliary heating control section 46 con- 
trols magnetization and demagnetization of the solenoid 
49, like that of the solenoid valve 45 in the third embod- 
iment. When the solenoid 49 is demagnetized, the spool 
48 is spaced away from the circlip 51 , as shown in Figure 
7, to maximize the capacity of the reservoir 52. Accord- 
ingly, the volume of the viscous fluid in the heating 
chamber 29 is minimized resulting in the minimum heat- 
ing capacity in the vehicular heat generator 47. When 
the solenoid 49 is magnetized, the spool 48 abuts 
against the circlip 51 , as shown in Figure 8. Thus, the 
capacity of the reservoir 52 is minimized to maximize 
the volume of the viscous fluid in the heating chamber 
29. Accordingly, the heating capacity in the vehicular 
heat generator 47 is maximized. The spool 48, the so- 
lenoid 49 and the compression spring 50 form variable 
volume means for adjusting the volume of the viscous 
fluid in the heating chamber 29. 

[0084] Advantages of the fourth embodiment will be 
described in the following paragraphs. 

(4-1) The fourth embodiment enjoys the same ad- 
vantages as in the paragraphs (1-1), (1-2) and (1-3) 
of the first embodiment. 

(4-2) The structure for recovering the viscous fluid 
F from the heating chamber 29 through the commu- 
nication passage to the reservoir 52, at least by the 
Weissenberg effect, when the heat generator 47 is 
operated with reduced heating capacity constitutes 
the simplest structure for adjusting the heating ca- 
pacity. 

[0085] In the fourth embodiment, satisfactory results 
are obtained even if a viscous fluid having a nominal 
viscosity of 10,000 cSt to 30,000 cSt is employed. Fur- 
ther there are no practical problems even if a viscous 
fluid having a nominal viscosity of 100,000 cSt to 
200,000 cSt is employed. Accordingly, the nominal vis- 
cosity of the viscous fluid to be employed in the vehicular 
heat generator 47 according to the fourth embodiment 
is in the range of 10,000 cSt to 200,000 cSt. The viscous 
fluid F employed in the fourth embodiment is a silicone 
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oil showing pseudoplastic fluid-like non-Newtonian vis- 
cosity, (ike in the first embodiment. 

(Fifth embodiment) 

[0086] A vehicular heat generator 22A according to 
the fifth embodiment, which is an improvement of the 
heat generator 22 of the first embodiment, will be de- 
scribed referring to Figures 12 and 13. The heat gener- 
ator 22A of the fifth embodiment is different from the 
heat generator 22 of the first embodiment in the shape 
of the rotor 33. 

[0087] As shown in Figures 12 and 13, the disc- 
shaped rotor 33 has a plurality of openings 33a at its 
periphery. These openings 33a are arranged at equal 
distances from the center of the rotor 33 and at equian- 
gular intervals. The openings 33a penetrating the rotor 
body permit easy flow of the viscous fluid between the 
front space and rear space of the rotor 33 in the heating 
chamber 29. Thus, there is no difference between the 
fluid pressure on the front side of the rotor 33 and the 
fluid pressure on the rear side of the rotor 33, so that 
rotation of the rotor 33 is stabilized. In addition, forma- 
tion of the openings 33a inevitably forms circular edges 
on each surface of the rotor 33. These edges serve to 
enhance the capacity of the rotor 33 to shear the viscous 
fluid and greatly improve heating efficiency Accordingly, 
the plurality of openings 33a formed in the rotor 33 serve 
as shearing action improving means. 
[0088] The shearing action improving means formed 
in the rotor 33 is not limited to such openings 33a pen- 
etrating the rotor 33 but may be a plurality of recesses 
formed on the rotor surfaces, for example, a plurality of 
radial grooves 33b as shown in Figure 14 or a plurality 
of spirally arranged grooves 33c as shown in Figure 1 5. 
[0089] As a viscous fluid F employed in a vehicular 
heat generator provided with a rotor having such shear- 
ing action improving means, one having a nominal vis- 
cosity of 10,000 cSt to 100,000 cSt, or more preferably, 
15,000 cSt to 100,000 cSt is employed. Figure 16 shows 
relationship between the nominal viscosity and the heat- 
ing value in the heat generator according to the fifth em- 
bodiment. As shown in Figure 16, in the viscous fluids 
having nominal viscosity values of 15,000 cSt or more, 
the increase in the equilibrium heating value attained as 
the nominal viscosity increases tends to reach a ceiling. 
[0090] Next, various test results, which are helpful for 
understanding advantages of the present invention, will 
be described. 

(Test 1): Evaluation of the low-temperature starting 
property of a vehicular heat generator 

[0091] A heat generator 22 (provided with a solenoid 
clutch 35) of the first embodiment was tested to deter- 
mine whether it starts smoothly or not comparing a case 
where a pseudoplastic fluid-like non-Newtonian fluid is 
employed as the viscous fluid F to a case where a New- 



tonian fluid is employed. As the pseudoplastic fluid-like 
non-Newtonian fluid, a dimethyl-polysiloxane type sili- 
cone oil (trade name: KF96H, manufactured by Shin- 
Etsu Chemical Co., Ltd.) having a nominal viscosity of 

s 30,000 cSt was employed. Meanwhile, as the Newtoni- 
an fluid, a hydrocarbon type polymer (trade name: 
POLYALPHAOLEON PAO 2000, manufactured by Ide- 
mitsu Kosan Co., Ltd.) having a nominal viscosity of 
2,000 cSt was employed. The chemical structural for- 

10 mula of PAO 2000 is shown in Figure 17. 

[0092] In this test, a vehicular diesel engine was em- 
ployed as an external drive source, the heat generator 
was placed in an environment of -30° C, the revolution 
speed of the diesel engine was maintained at 1 ,000 rpm, 

15 and starting conditions of the rotary shaft 31 and the ro- 
tor 33 were observed by shifting the solenoid clutch 35 
to the ON position. Further, starting torque was meas- 
ured. 

[0093] The measured value of starting torque when 

20 the silicone oil showing non-Newtonian viscosity was 
employed was about 30 Nm, which is almost the same 
as the theoretical calculated value. Meanwhile, in the 
case of the hydrocarbon type polymer showing Newto- 
nian viscosity, slippage occurred between the pulley 351 

25 and the clutch plate 352 when the solenoid clutch 35 
was turned ON, so that the rotor 33 could not be started. 
Incidentally, the theoretical value of starting torque re- 
quired in the case of the Newtonian fluid, which is ob- 
tained by calculation, is a very high value of about 180 

30 Nm. The fact that slippage occurred between the pulley 
351 and the clutch plate 352 supports the calculative 
estimate that the required starting torque is excessive. 
[0094] While it is an experiential fact that the greatest 
torque is required when a stationary rotor 33 in a cold 

35 viscous fluid F is started, the test results clearly show 
that the use of a pseudoplastic fluid-like non-Newtonian 
fluid as a viscous fluid F can relatively reduce the start- 
ing torque of the rotor. Particularly, considering also the 
great necessity of the vehicular heat generator as an 

*o auxiliary heat source in cold regions, it is a great advan- 
tage that the vehicular heat generator can be started 
smoothly even in an extremely low-temperature envi- 
ronment, which reduces the load applied to the vehicle 
engine. 

45 

(Test 2): Evaluation of high-temperature resistance of 
silicone oils 

[0095] Two kinds of tests for evaluating the high-tem- 
50 perature resistance of silicone oils were carried out em- 
ploying silicone oils showing pseudoplastic fluid-like 
non-Newtonian viscosity. 

[0096] In a first high-temperature resistance test, a 
dimethyl-polysiloxane type silicone oil having a nominal 
55 viscosity of 30,000 cSt was introduced into an aluminum 
cylindrical container in an amount corresponding to 
about 60 % of the capacity of the container, and the con- 
tainer was hermetically sealed with a lid. The thus 
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sealed container was left to stand in an oven preset to 
a predetermined temperature (e.g., 180°C, 200°C and 
220°C) for a long period. The graph in Figure 18 shows 
the relationship between the time elapsed and the vis- 
cosity of the silicone oil in the container in the first high- 
temperature resistance test. According to the graph of 
Figure 16, when the preset temperature of the oven was 
220°C, the viscosity of the silicone oil dropped sharply 
with time, so that the test could have been terminated 
after passage of about 100 hours. Meanwhile, in the 
case where the oven preset temperature was 180°C, no 
drop in the viscosity was observed, and the viscosity of 
the silicone oil after passage of 1 ,000 hours was sub- 
stantially the same as that of the initial viscosity. Simi- 
larly, the dimethyl-polysiloxane type silicone oil having 
a nominal viscosity of 30,000 cSt resisted viscosity loss 
after 1 ,000 hours or more at 180°C. 
[0097] In a second high-temperature resistance test, 
dimethyl-polysiloxane type silicone oils having nominal 
viscosity values of 10,000 cSt, 30,000 cSt and 60,000 
cSt were introduced into aluminum cylindrical contain- 
ers in amounts corresponding to about 60 % of the ca- 
pacity of each container, and the containers were her- 
metically sealed with lids, respectively. These contain- 
ers were left to stand in an oven preset to 180°C for a 
long time. The graph in Figure 19 shows relationship be- 
tween the time elapsed and the viscosity of each silicone 
oil in the container in the second high-temperature re- 
sistance test. According to the graph of Figure 1 9, in any 
of the silicone oils having nominal viscosity values of 
10,000 cSt, 30,000 cSt and 60,000 cSt respectively, no 
drop in the viscosity was observed, and the viscosity of 
each silicone oil after passage of 1 ,000 hours was sub- 
stantially the same as that of the initial viscosity. As de- 
scribed above, each dimethyl-polysiloxane type silicone 
oil having a nominal viscosity of 10,000 cSt to 60,000 
cSt resisted viscosity loss after 1,000 hours or more at 
180°C. 

(Test 3): Fluctuation in heating value under continuous 
operation of a vehicular heat generator 

[0098] Maintenance of the heating capacity of the ve- 
hicular heat generator 22 according to the first embod- 
iment when it was operated continuously was deter- 
mined employing a dimethyl-polysiloxane type silicone 
oil having a nominal viscosity of 30,000 cSt (trade name: 
KF96H, manufactured by Shin-Etsu Chemical Co., 
Ltd.). More specifically, the rotation speed of the rotor 
was set such that the viscous fluid was heated to a de- 
sired temperature at the start of rotor rotation, and the 
vehicular heat generator was operated continuously un- 
der feedback control of the rotation of the rotor such that 
the predetermined rotation speed was maintained. 
[0099] The graph in Figure 20 shows results of fluc- 
tuation in the heating value when the heat generator was 
operated continuously. The abscissa in the graph rep- 
resents the time T elapsed after the heat generator was 



started. The ordinate in the graph represents the ratio 
R of the heating value at each time point Qt to the initial 
heating value Qi immediately after the heat generator 
was started (R = Qt/Qi). When the ratio R is 1.0, the 
5 heating value at each time point Qt is equal to the initial 
heating value Qi, and when the ratio R is smaller than 
1 .0, the heating value at each time point Qt is smaller 
than the initial heating value Qi. In the graph of Figure 
20, results when the rotation speed of the rotor was pre- 
set such that the initial temperature of the viscous fluid 
immediately after the start of rotor rotation was 180°C 
and results when the rotor revolution speed was preset 
such that the initial temperature of the viscous fluid was 
200°C are plotted. 

[0100] According to the graph shown in Figure 20, as 
long as the rotor was driven at a rotation speed such 
that the initial temperature was 180°C, the ratio R did 
not drop below 0.95 even after passage of 1 ,000 hours. 
In other words, as long as the rotor is driven at a rotation 
speed such that the initial temperature is 180°C, the 
drop in the heating value of the heat generator can be 
controlled to about 5 % of the initial heating value Qi. 
These results suggest that if the initial heating temper- 
ature is about 180°C, there occurs substantially no drop 
in the viscosity of the silicone oil attributed to thermal 
deterioration. 



Claims 

1 . A viscous fluid for a vehicular heat generator, which 
is contained in a vehicular heat generator that is 
provided with a rotor (33) and that generates heat 
under mechanical shearing of the rotor, wherein 
the viscous fluid is a non-Newtonain fluid having ap- 
parent viscosity characteristics with respect to 
shear rate such that its apparent viscosity tends to 
decrease as the shear rate increases, 
characterized in that 

the viscous fluid has a nominal viscosity within the 
range of 10,000 mrr^/s to 200,000 mnr^/s. 

2. The viscous fluid for a vehicular heat generator ac- 
cording to Claim 1, characterized in that the vis- 
cous fluid is a fluid containing a silicone oil as a ma- 
jor component. r 

3. A viscous fluid for a vehicular heat generator ac- 
cording to Claim 2, characterized in that the sili- 
cone oil in the viscous fluid contains dimethyl- 
polysiloxane. 

4. A vehicular heat generator comprising a housing 
(25, 26) that includes a heating chamber (29) for 
containing a viscous fluid and a radiating chamber 
(30) through which a circulating fluid flows; a rotary 
shaft (31) rotatably supported in the housing; and a 
rotor (33), located in the heating chamber (29), ro- 
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tated by the rotary shaft (31); wherein heat is gen- 
erated by shearing of the viscous fluid by rotation 
of the rotor (33) and is transferred to the circulating 
fluid, 

the vehicular heat generator being 
characterized In that 

a fluid having a nominal viscosity in the range of 
10,000 mm 2 /s to 200,000 mr^/s is employed as the 
viscous fluid. 

5. The vehicular heat generator according to claim 4, 
wherein the viscous fluid is a silicone oil having 
non-Newtonian viscosity such that its apparent vis- 
cosity tends to decrease as the shear rate increas- 
es. 

6. The vehicular heat generator according to claim 4 
or 5, wherein the viscous fluid has a nominal vis- 
cosity in the range of 30,000 mm 2 /s to 100,000* 
mn^/s. 

7. The vehicular heat generator according to claim 4 
or 5, wherein the rotor is provided with openings 
(33a), radial grooves (33b) or spirally arranged 
grooves (33c) at its periphery, and the nominal vis- 
cosity of the viscous fluid is in the range of 15,000 
mn^/s to 100,000 mm 2 /s. 

8. A vehicular heat generator comprising a housing 
(25, 26) that includes a heating chamber (29) for 
containing a viscous fluid, a reservoir (16) commu- 
nicating with the heating chamber (29) and storing 
the viscous fluid therein and a radiating chamber 
(30) through which a circulating fluid flows; a rotary 
shaft (31) rotatably supported in the housing (25, 
26); and a rotor (33), located the heating chamber 
(29), rotated by the rotary shaft (31); wherein heat 
is generated by shearing of the viscous fluid by ro- 
tation of the rotor and is transferred to the circulating 
fluid, 

the vehicular heat generator being 
characterized In that 

a fluid having a nominal viscosity in the range of 
1 0,000 mrr^/s to 1 00,000 mrr^/s is employed as the 
viscous fluid. 

9. The vehicular heat generator according to claim 8, 
wherein the viscous fluid is a silicone oil having 
non-Newtonain viscosity such that its apparent vis- 
cosity tends to decrease as the shear rate increas- 
es. 

10. The vehicular heat generator according to claim 8 
or 9, wherein the viscous fluid has a nominal vis- 
cosity in the range of 30,000 mrr^/s to 100,000 
mrr^/s. 

11. The vehicular heat generator according to claim 8 



or 9, wherein the rotor is provided with openings 
(33a), radial grooves (33b) or spirally arranged 
grooves (33c) at its periphery, and the nominal vis- 
cosity of the viscous fluid is in the range of 15,000 
5 mrr^/s to 100,000 mnr^/s. 

1 2. The vehicular heat generator according to claim 8 
or 9, wherein the reservoir (16) and the heating 
chamber (29) communicate with each other via a 

10 recovery passage (271 ) and supply passage (272); 
the reservoir side port of the recovery passage 
(271) being located above the level (F1) of the vis- 
cous fluid contained in the reservoir (16), while the 
reservoir side port of the supply passage (272) be- 
15 ing located below the level (F1) of the viscous fluid. 

13. The vehicular heat generator according to claim 4 
or 8, wherein a clutch (35) is located, on a drive pow- 
er transmitting train, between an external drive 

20 source and the rotary shaft (31 ) of the rotor. 

14. The vehicular heat generator according to claim 8 
or 9, further comprising a communicating passage 
which permits communication between the heating 

25 chamber (29) and the reservoir (52) at a rotational 
central zone of the rotor, wherein the heat generator 
(47) has a heat generating capacity adjusting func- 
tion for recovering the viscous fluid from the heating 
chamber through the communicating passage to 
30 the reservoir, at least by the Weissenberg effect, 
when the heat generator is operated with reduce 
heat generating capacity. 

15. The vehicular heat generator according to claim 8 
35 or 9, further comprising a recovery passage (273) 

and a supply passage (274) which permit commu- 
nication between the reservoir (42) and the heating 
chamber (29), wherein the heat generator (41) has 
a heat generating capacity adjusting function for re- 
40 covering the passage to the reservoir, at least by 
the Weissenberg effect, when the heat generator is 
operated with reduced heat generating capacity. 
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45 Patentansp ruche 

1 . Eine viskose Flussigkeit fur einen Fahrzeugwarme- 
erzeuger, die in einem Fahrzeugwarmeerzeuger 
aufgenommen ist, der mit einem Rotor (33) verse- 
so hen ist und die Warme durch mechanische Sche- 
rung durch den Rotor erzeugt, wobei 

die viskose Flussigkeit eine Nicht-Newton- 
sche Flussigkeit ist, die sen ein bare Viskositatsei- 
genschaften bezuglich der Schergeschwindigkeit 
55 derart hat, dass die scheinbare Viskositat abzuneh- 
men tendiert, wenn die Schergeschwindigkeit zu- 
nimmt, 

da durch gekennzeichnet, dass 
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die viskose Flussigkeit eine nominate Vis- 
kostat innerhalb des Bereichs von 1 0.000 mnr^/s bis 
200.000 mnr^/s hat 

2. Die viskose Flussigkeit fur einen Fahrzeugwarme- 5 
erzeuger nach Anspruch, dadurch gekennzeich- 
net, dass die viskose Flussigkeit eine Flussigkeit 
ist, die ein Silikonol als eine Hauptkomponente ent- 
halt. 

10 

3. Eine viskose Flussigkeit fur einen Fahrzeugwar- 
merzeuger nach Anspruch 2, dadurch gekenn- 
zelchnet, dass das Silikonol in der viskosen Flus- 
sigkeit Dimethyl-Polysiloxan enthalt. 

15 

4. Ein Fahrzeugwarme rzeuger, mit einem Gehause 
(25, 26), das eine Heizkammer (29) zur Aufnahme 
einer viskosen Flussigkeit und eine Radiatorkam- 
mer (30) hat, durch welche eine Umlaufflussigkeit 
stromt; einer Drehwelle (31), die drehbar an dem 20 
Gehause gehalten ist; und einem Rotor (33), der in 
der Heizkammer (29) angeordnet ist und durch die 
Drehwelle (31) gedreht wird; wobei Warme durch 
Scheren der viskosen Flussigkeit durch Drehung 
des Rotors (33) erzeugt und auf die Umlaufflussig- 2 $ 
keit ubertragen wird, wobei der Fahrzeugwarmeer- 
zeuger dadurch gekennzeichnet ist, dass 

eine FIQssigkeit mit einer nominalen Viskosi- 
tat im Bereich von 10.000 mm 2 /s bis 200.000 mm 2 / 
s als die viskose Flussigkeit verwendet wird. 30 

5. Der Fahrzeugwarmeerzeuger nach Anspruch 4, 
wobei die viskose Flussigkeit ein Silikonol ist, das 
eine Nicht-Newtonsche Viskositat hat, so dass ihre 
scheinbare Viskositat zur Abnahme neigt, wenn die 35 
Schergeschwin dig keit ansteigt. 

6. Der Fahrzeugwarmeerzeuger nach Anspruch 4 
Oder 5, wobei die viskose Flussigkeit eine nominate 
Viskositat im Bereich von 30.000 mm 2 /s bis *o 
100.000 mrr^/shat. 

7. Der Fahrzeugwarmererzeuger nach Anspruch 4 
Oder 5, wobei der Rotor mit Offnungen (33a), Ra- 
dialnuten (33b) oder spiralig angeordneten Nuten 45 
(33c) an seinem Umfang versehen ist, und die no- 
minate Viskositat der viskosen Flussigkeit im Be- 
reich 15.000 mm 2 /s bis 100.000 mrr^/s liegt 

8. Ein Fahrzeugwarmeerzeuger mit einem Gehause so 
(25, 26), das eine Heizkammer (29) zur Aufnahme 
einer viskosen Flussigkeit, einen Speicher (16), der 

mit der Heizkammer (29) verbunden ist und die vis- 
kose Flussigkeit darin speichert, und eine Radiator- 
kammer (30) aufweist, durch welche eine Umlauf- 55 
flussigkeit stromt; einer Drehwelle (31), die drehbar 
in dem Gehause (25, 26) gehalten ist, und einem 
Rotor (33), der in der Heizkammer (29) angeordnet 



ist und durch die Drehwelle (31) gedreht wird, wobei 
die Warme durch Scheren der viskosen Flussigkeit 
durch Drehung des Rotors erzeugt und auf die Um- 
laufflussigkeit ubertragen wird, wobei der Fahr- 
zeugwarmeerzeuger dadurch gekennzeichnet 
1st, dass eine Flussigkeit mit einer nominalen Vis- 
kositat im Bereich von 10.000 mrr^/s bis 100.000 
mm 2 /s als die viskose Flussigkeit verwendet wird. 

9. Der Fahrzeugwarmeerzeuger nach Anspruch 8, 
wobei die viskose Flussigkeit ein Silikonol mit einer 
Nicht-Newtonschen Viskositat ist, so dass ihre 
scheinbare Viskositat abzunehmen neigt, wenn die 
Schergeschwindigkeit ansteigt. 

10. Der Fahrzeugwarmeerzeuger nach Anspruch 8 
oder 9, wobei die viskose Flussigkeit eine nominate 
Viskositat im Bereich von 30.000 mm 2 /s bis 
100.000 mm 2 /s hat. 

11. Der Fahrzeugwarmeerzeuger nach Anspruch 8 
oder 9, wobei der Rotor mit Offnungen (33a), Ra- 
dial nuten (33b) oder spiralig angeordneten Nuten 
(33c) an seinem Umfang versehen ist, und die no- 
minate Viskositat der viskosen Flussigkeit im Be- 
reich von 15.000 mm 2 /s bis 100.000 mrr^/s liegt. 

12. Der Fahrzeugwarmeerzeuger nach Anspruch 8 
oder 9, wobei der Speicher (16) und die Heizkam- 
mer (29) miteinander uber einen Ruckfuhrkanal 
(271) und einen Versorgungskanal (272) verbun- 
den sind, wobei der speicherseitige Anschluss des 
Ruckfuhrkanals (271) oberhalb des Pegels (F1) der 
in dem Speicher (16) enthaltenen viskosen Flussig- 
keit liegt, wan rend der speicherseitige Anschluss 
des Versorgungskanals (272) unterhalb des Pegels 
(F1) der viskosen Flussigkeit angeordnet ist. 

13. Der Fahrzeugwarmeerzeuger nach Anspruch 4 
oder 8, wobei eine Kupplung (35) in einem Antriebs- 
kraftubertragungsstrang zwischen einer extemen 
Antriebsquelle und der Drehwelle (31) des Rotors 
angeordnet ist. 

14. Der Fahrzeugwarmeerzeuger nach Anspruch 8 
oder 9, femer mit einem Verbindungskanal, welcher 
eine Verbindung zwischen der Heizkammer (29) 
und dem Speicher (52) in einem Drehmitten bereich 
des Rotors zulasst, wobei der Warmeerzeuger (47) 
eine Warmeerzeugungskapazitatseinstelrfunktion 
hat, um die viskose Flussigkeit von der Heizkammer 
durch den Verbindungskanal mindestens durch den 
Weissenberg-Effekt in den Speicher zuruckzufuh- 
ren, wenn der Warmeerzeuger mit verminderter 
Warme erzeugungskapazitat betrieben wird. 

15. Der Fahrzeugwarmeerzeuger nach Anspruch 8 
oder 9, ferner mit einem Ruckfuhrkanal (273) und 
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Revendications 

1 . Fluids visqueux pour generateur de chaleur de ve- 
hicule, contenu dans un generateur de chaleur de 15 
vehicule qui est muni d'un rotor (33) et qui foumit 

de la chaleur sous Peffet d'un cisaillement mecani- 
que par le rotor, dans lequel 
le fluids visqueux est un fluide non-Newtonien 
ayant des caracteristiques de viscosite appa rente 20 
par rapport aux taux de cisaillement telles que sa 
viscosite apparente a tendance a diminuer lorsque 
le taux de cisaillement augments, 
caracterise en ce que 

le fluide visqueux a une viscosite nominate compri- 25 
se dans la plage de 1 0 000 mrr^/s a 200 000 mm 2 /s. 

2. Fluide visqueux pour generateur de chaleur de ve- 
hicule selon la revendication 1, caracterise en ce 
que le fluide visqueux est un fluide contenant une 30 
huile de silicone en tant que composant principal. 

3. Fluide visqueux pour generateur de chaleur de ve- 
hicule selon la revendication 2, caracterise en ce 
que I'huile de silicone du fluide visqueux content 35 
du dimethyle-polysiloxane. 

4. Generateur de chaleur de vehicule comportant un 
boTtier (25, 26) qui comporte une chambre de chauf- 
fage (29) destinee a contenir un fluide visqueux et *o 
une chambre de rayon ne me nt (30) a travers laquel- 

ie s'ecoule un fluide circulant, un arbre rotatif (31) 
supporte de maniere rotative dans le boTtier, et un 
rotor (33) situe dans la chambre de chauffage (29) 
et mis en rotation par Parbre rotatif (31), dans lequel 45 
de la chaleur est produite par cisaillement du fluide 
visqueux par la rotation du rotor (33) et est transfe- 
ree au fluide circulant, le generateur de chaleur de 
vehicule etant caracterise en ce que 
un fluide ayant une viscosite nominate comprise so 
dans la plage de 10 000 mnr^/s a 200 000 mm 2 /s 
est utilise en tant que fluide visqueux. 



6. Generateur de chaleur de vehicule selon la reven- 
dication 4 ou 5, dans lequel le fluide visqueux a une 
viscosite nominate comprise dans la plage de 30 
000 mm2/s a 100 000 mnvVs. 

7. Generateur de chaleur de vehicule selon ta reven- 
dication 4 ou 5, dans lequel ie rotor est muni 
d'ouvertures (33a), de rainures radiates (33b) ou de 
rainures (33c) agencees en spirale a sa peripheric, 
et la viscosite nominate du fluide visqueux est dans 
la plage de 15 000 mnr^/s a 100 000 mm 2 /s. 

8. Generateur de chaleur de vehicule comportant un 
boTtier (25, 26) qui comporte une chambre de chauf- 
fage (29) destinee a contenir un fluide visqueux, un 
reservoir (16) communiquant avec la chambre de 
chauffage (29) et stockant le fluide visqueux dans 
celui-ci, et une chambre de rayonnement (30) a tra- 
vers laquelle s'ecoule du fluide circulant, un arbre 
rotatif (31) supporte de maniere rotative dans le Dot- 
tier (25, 26), et un rotor (33), situe dans la chambre 
de chauffage (29), et mis en rotation par I'artore ro- 
tatif (31), dans lequel de la chaleur est produite par 
cisaillement du fluide visqueux par la rotation du ro- 
tor et est transferee au fluide circulant, le genera- 
teur de chaleur de vehicule etant caracterise en ce 
qu'un fluide ayant une viscosite nominate comprise 
dans la plage de 10 000 mm 2 /s a 100 000 mm 2 /s 
est utilise en tant que fluide visqueux. 

9. Generateur de chaleur de vehicule selon la reven- 
dication 8, dans lequel le fluide visqueux est de I'hui- 
le de silicone ayant une viscosite non-IMewtonienne 
telle que sa viscosite apparente a tendance a dimi- 
nuer lorsque le taux de cisaillement augmente. 

10. Generateur de chaleur de vehicule selon la reven- 
dication 8 ou 9, dans lequel le fluide visqueux a une 
viscosite nominate dans la plage de 30 000 mm 2 /s 
a 100 000 mm 2 /s. 

11. Generateur de chaleur de vehicule selon la reven- 
dication 8 ou 9, dans lequel le rotor est muni 
d'ouvertures (33a), de rainures radiates (33b) ou de 
rainures (33c) agencees en spirale a sa peripherie, 
et la viscosite nominate du fluide visqueux est dans 
la plage de 15 000 mm 2 /s a 100 000 mrr^/s. 

12. Generateur de chaleur de vehicule selon la reven- 
dication 6 ou 9, dans lequel te reservoir (16) et la 
chambre de chauffage (29) communiquent Tun 
avec I'autre via un passage de recuperation (271) 
et un passage d'ali mentation (272), I'orifice cdte re- 
servoir du passage de recuperation (271) etant si- 
tue au-dessus du niveau (F1) du fluide visqueux 
contenu dans le reservoir (16), ators que I'orifice cd- 
te reservoir du passage d'alimentation (272) est si- 
tue en dessus du niveau (F1) du fluide visqueux. 



5. Generateur de chaleur de vehicule selon la reven- 
dication 4, dans lequel le fluide visqueux est de t'hui- 55 
te de silicone ayant une viscosite non-Newtonien ne 
telle que sa viscosite apparente a tendance a dimi- 
nuer lorsque la taux de cisaillement augmente. 

4 



einem Versorgungskanal (274), welche eine Ver- 
bindung zwischen dem Speicher (42) und der Heiz- 
kammer (29) zu las sen, wobei der Warmeerzeuger 
(41) eine Warmeerzeugungskapazitatseinstell- 
funktion hat, um einen Rucklauf in den Kanal zu 5 
dem Speicher mindestens durch den Weissenberg- 
Effekt zu bewirken, wenn der Warmeerzeuger mit 
verminderter Warmeerzeugungskapazitat betrie- 
ben wird. 
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13. Generateur de chaleur de vehicule selon la raven- 
dication 4 ou 8, dans lequel un embrayage (35) est 
situe, dans un train de transmission de puissance 
d'entratnement, entre una source d'entraTnement 
exterieure et I'arbre rotatif (31) du rotor 5 

14. Generateur de chaleur de vehicule selon la reven- 
dication 8 ou 9, comportant de plus un passage de 
communication qui permet une communication en- 
tre la chambre de chauffage (29) et le reservoir (52) 10 
au niveau d'une zone rotationnelle cent rale du rotor, 

le generateur de chaleur (47) ayant une fonction 
d'ajustement de capacite de creation de chaleur 
pour recuperer le fluide visqueux provenant de ia 
chambre de chauffage a travers le passage de com- 15 
munication vers le reservoir, au moins par i'effet de 
Weissenberg, torsque Ton fait fonctionner le gene- 
rateur de chaleur avec une capacite de creation de 
chaleur reduite. 

20 

15. Generateur de chaleur de vehicule selon la reven- 
dication 8 ou 9, comportant de plus un passage de 
recuperation (273) et un passage d'alimentation 
(274) qui permettent la communication entre le re- 
servoir (42) et la chambre de chauffage (29), le ge- 25 
nerateur de chaleur (41) ayant une fonction d'ajus- 
tement de capacite de creation de chaleur pour re- 
cuperer le fluide visqueux provenant de la chambre 

de chauffage a travers le passage de communica- 
tion vers le reservoir, au moins par I'effet de Weis- 30 
sen berg, lorsque Ton fait fonctionner le generateur 
de chaleur avec une capacite de creation de cha- 
leur reduite. 
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Figure 10 
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Figure 12 
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Figure 16 
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Figure 18 
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Figure 20 
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